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BEWDING STRESSES DUE TO TORSION IX CANTILEVER BOX BEAMS

By Paul Euhn
SUMMARY

The paper beging with a brief discussion on the ori-
gin of the bending atresses in cantilever bux beams undsr
torgione A oritical survey of existing theory is followsed
by a summary of design formulasg; thls summary is based on
the most complete solution published but omlits all refine-
mentsg considered unnecessary at the present state of de~
velopment, Strain~gage tests made by the W.AC.A: to ob-
taln some experimental veriflcation of the formulas are
described next. Finally, the formulas are applied to a
series of bPox beams previousgly static~tested by the U,S,
Army Alr Corps; the results show that the bendling stresses
due to torsion are responsible to a large extent for the
free~adge type of failure frequently experienced 1n theee
tests, . -

INTRODUCTION

The problem of designing a box beam in torsion is
common in aircraft construetion. If all cross sections
of the beam are fres to warp oub of their plane, the walls
will be in pure shear, which can be easgily calculated.
If, however, the cross sections are partly or completely
restrained from warping, which ie the case if any varia~
tion of cross section or of loading ocecurs along the span,
then bending stresses will arise in addition to the shear
stresses. These bending stresses may be very large at
the root of a cantilever box attached to a rigid support;
since direct bending stresses usually exist also, the cale
culation of bending stresses due to torsion is important.
The theoretical analysis of this problem has been made
fairly recently, and it ig the purpose of this paper to
8ive a critical survey of existing literature and a sunma- ]
ry of design formulas. The reliadbility of these formulas -
was checked by some strain-gage tests, which are described )
and discussed., Finally, the paper shows the resgults of -
applying the formulas to a series of duralumin box beams
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that had been static;tested at Wright Field by the U.S.
Army Air Corps.

I. SURVEY OF EXISTING LITERATURE

The problem: Earlier attempts at solution.~ If the
box beam of figure 1 is subjected to pure torque loads as
indicated, the stress in the walls is pure shear and is
given by the formuls

= I
s = Z%er (1)

The shear stresses cause'warping of the previously plane
cross sectlions as indicated by the dotted lines.

Suppose now the near end of the box to be built in
rigldly, so that the warping cannot occur. It is clear
that the support at the end, in preventing the warping,
must create tensile stresges at corners 1 and 3 and com=~
pressive stresses at corners 2 and 4, decreasing linearly
to zero at the center lines of the walls. ' The resultant
of the normal stressecs at the root section of a wall is a
bending moment. At other sections, the stress distribu-
tion is similar dbut the magnitude of the stresses decreases
and must be zero at the tip if the bulkheads are free %o
warp out of their own planes, an assumption that holds very
closely for most types of bulkheads.

The distribution of the normal stresses in the verti-
cal walls is qualitatively similar to that which would oc-
eur if these two walls acted as independent cantilever
beams In bending., Similarly, the horizontal walls may be
considered as a pailr of beams in bending, It is therefore
not¥ surprising that the aeronautical literature records a
nunmber of attempts to solve the problem of the box by con=-
sidering it as composed of two pairs of beams independent
of each other. Zach pair of beams was assumed to carry
part of the torque, and the unknown ratio of the components
was determined either by considerations of deflections or
by the method of least work,

The fundamental obdjection to this method of Holuntion
is that the condition of continulty is grossly violated
at the edges of the box., Violations of the conditions of
equilibrium or continuity appear in any approximate solu-
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tion but, if the solution is to have any value, these vio~
lations rmust be of a minor nature. If the box acted as
two pairs of independent beams, adjacent edges of two
beams wpuld be in teusion on one beam and in compression
on the other beam, obviously a major violation of the
principle of continuity. The numerous solutions of the
box problem based on the method sketched in the preceding
paragraph are therefore of littlse practical wvalue,

_ Reisgner'!s snalysis.~ The first correct aralysis was
published by Reissner (reference 1). He analyzed a rec-
tangular box without corner flanges and assumed infinitely
close spacing of the Bulkheads., Writing the eguation of o
the elastic lineg of the walls and expressing all stresses :
in terms of the fiber stress at the edges of the Dbox, he
obtained a differential equation for this stress whickh he
integrated for the end conditions of a root section rigid-
ly built in and a tip section free to warp. The loading
assumed was a torgue distributed uniformly along the
length of the box; the case of a tapered box was also
treated. T

The case investigated by Reissaner is included as a
special case in Bbner's worlk (reference 2) which will be
later discussed, ' - - s =

Atkin's analysip.~ Atkin (reference 3), although mal~
ing a .reference to BRelssneér’s work, UW¥ed an entirely dif-
ferent method, following %the oxample of Timoshenko who in=
vestigated the stresses in a solid rectangular Pprism 1in
torsion, With one exception, the sitress distridution
across a section assumed by Atkin was the same as that as-
sumed by Reissner, For the variation along the axis, how-~
ever, an arbitrary law with a free coefficlent was assuneéd,
and the coefficient was determined by the theorem of least —~
work, .

The difference in stress distribution is physically
not gquite clear. Mathematically, the stresses introduced
should be small of the second order in comparison with the
other stiresses and should therefore be neglected. TFur-
thermore, it can be shown very easily that Atkin should
have modified the stress function used by Timoshenko be-
cause in Atkin's case the total strain along the length
of the box does not equal the warping or, in other words,
Atkin hasg not fulfilled the fundamental condition that the
root section remain plane. Atkin's analysis is therefore
of very doubtful valus and comparison of numerical resulis
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by hlg formula and by any other formula shows differencesg
of several hundred porcent.

Grzedzielpgki's analyvgis.~ Grzedzielski (reference 4)
also refers to the work of Reissner and uses a gimilar
method. He assumes, however, that the walls of the box
carry only ghear and that the bending stresses are car-
ried by flanges of area A concentrated at—the corners
(fig. 2). Grzedzielski's case, like that of Reissner, is
conteined as a special case in Ebner's derivation and will
therefore not be discussed in detail., While Grzedzielskl's
final formula differs in form from that of Ebner, both for-~
mulas reduce to the same approximate formula for the case
of very thiek vertical walls (c¢/te negligible against
b/tp) . Tho expression for the maximum normal strese at

the root soction becomes (with g = 2,5, G Ybeing the

shear modulusg)
fn = 0456 = / EE%_Z (2)

This formula overestimates the normal stresses, being

based on the assumption of infinitely close spacing of

the dbulkheads; but it may be used as a simple approxima-
tion formula 1f the bulkhead spacing is close (say a<-% b) .
If the faoctor 0.56 is reduced to 0.43, the error may be
expected to be around #10 te 20 percont. .

The case of very thick vertical walls corresponds to
that of a 2~spar box, Formula (2) can therefore be ob~
tained also as a limiting case of the 2~gpar wing theory
discussed in reference 5.

Ebner's analysis.~ Ebner's analysis (reference 2) is
consideradbly more comprehensive than any of the preceding
onesj it includes the influence of bulkhead spacing and
bulkhead rigidity. ZEbner assumes the box (fig. 1) to be
broken up into component boxes by cuts at the bulkheads;
sach component, or "ecell!" (fig. 3), is then loaded by two
torgue loads that can be computed from the externally ap-
plied torque, by intermediate torque loads applied betwoen
the bulkheads (not shown in fig. 3, because they do not
always exist), and by two groups of antlsymmetrical forccecs
XR that are caused by the adjoining cells which partly

prevent the warping of the cross séciions., By means of
the principle of wonslgtent deformations, a system of equa-




NedsCuA. Technical Note No. 530 5

tiong for the X forceg at the bulkheads can be derived.
This method of analysis permits the calculation of boxes
with any variation of dimensions or loading along the axis.

The design formulas given in the next section are ei~
ther taken directly from reference 2 or obtained by sim-
ple mathematical approximations from formulas given there.

II. SUMMARY OF DESIGN FORUULAS

Simplifying Assumptions

In view of the large uncertainties attending the cal-
culation of built-up structures of thin sheet, it is con-
gidered sufficient to give only the most important formu~
las: The following assumptions and simplifications are
made. -

(1) As far as bending stresses due to torsion are
concerned, it is generally sufficient to cdnsider ouly the
first bay at the root, or perhaps the first two, because
the decreazse of the stresses along the axig is very rapid
{(roughly following an e~% curve). On the basis of nils
nunerical calculations, Ebaner congiders this simplifica-
tion as applicable to most practical cases; calculations
on 2-spar wings with stressed-skin covering (reference 5)

tend to support his viewpoiant. o

(2) The bulkhesads are assumed %to be rigid in their
own plane (but free to warp out of their plane). ZErrors
due to this assumption will probably be lese than about 5
percent if the bulkheads are solid sheets or trusses dbut
may become very much larger if the bulkheads are sheets
with large lightening holes or frames.:

(3) The torque moment at the root is used regardless
of the type of torgque distribution along the axis. The
formulas given are those for a torgue moment concentrated
at the tip; they weroc chosen on account of their greater
simplicity in spite of the fact that the most usual casé
is probably that of distribduted torquas. Again judging Dby
Ebner's and other numerical calculations, the error due to
using the tilp-torque formula in the case of a uniformly
distributed torque is not likely to exceed 20 percent if
the length of the box is more than three times the width
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and the bulkhead spacing is less than the width. In view
of the fact that tests of thin~sheet structure can hardly
be duplicated within 20 percent and that the bending
stresses due to torsion are generally only a part of the
total stresses, this error does not appear to be excessive,

(4) In the case of a box with dimensions varying
along the span (box tapering or wall thicknesses changing),
good approximations are obtained, according to Ebner, if
it is assumed that all the cells of %the box have the samse
dinensions ag the cell at the root.

If it appears desirable or necessary to obtain a
higher degree of accuracy than the following formulas
will afford, recourse must be had to the formulas and
methods developed in reference 2.

Cagse A. Walls of Box Do Hot Buckle

The fundamental case is the case of a box with walls
heavy enough %o withstand buckling until the design load
is reached. XFor such a box, the force XR at the root

(fig. 3) is given by

n & 3
v 3p (1 + p/4) be ()

g =

and the normal stress at the root is given by

6Xp _ (4)

fn = Tiy ¥ ob, + 6A

The force Xg at the first bulkhead outboard of the root
i1s given approximately by
-9

The variatlon of £, TDetween bulkheads is linears, In
these formulas

b/ty + c/tg

(6)



NeAeC.A, Technical Fote Xo. 530 Vi

o 16a° G/E (7)
P (v/ty + o/t,) (bty + ct, + 64)
@ = cosh™? —4t{% (8)
toz

The positive directions of T and X are those
showa in figure 3, It is important to note that the sign
of X depends on the sign of tn, so that- P and ¢
must bPe in the same position relative to T and X as
shown in figure 3. The rule of signs may be stated as fol-
lows: The normal stresses in the pair of walls with the
smaller section aspect ratio (depth to thicknessg) are of
the same sign ag if these wallsg acted as two independent
cantilever beamsg in bending.

For a certain range, formulas (3) and (5) can be ap-
proximated by

- .m e
Ip = 7= 53" (3a)
XR(l»E..
Xp = 2> - _ ] ---{5a)
2 (1 + p)

The error 1in formulas (3a) and (5a) is less than 1 per~’
cent if 1.5 < p < 3 and legs than 5 percent if 0.9 < p
< b, —_— .

Two special cases are possible where p Tbecomes zero.
The formulas are given here because they cannot be obtained
by simply substituting p = 0 in formula (3).

If the thickness of one pair of walls, say of the hor-
izontal walls b,  becomes zeroc then

which is the case of two independent spars with concentrat-
ed loads at the tip. N

If the bulkhead spacing becomes infinitely close
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where X 1is defined by

48 G/E —
T (b/ty + c/t,) (bby + ct, + 64)

KE

The shearing stresses at the root are given for tho
wide wall D by :

T 1
fo = ' L - x Xn - X 9
8% 27%e tp  2a bp (Xp - %p) (9)
and for the narrow wall ¢ by
£ = Loy 2 (X - Xp) (10)

87 2 be bg R2a tg

under the assumption that the shear strese is uniformly
digtributed over the depth of each wall,

In formulas (9) and (10), the firet term is the
shearing stress for pure torsion (i.e., with all sections
free to warp), and the second term gives the additional
shearing stress accompanying the bending stresses. The
wide wall is relieved of some shear; the narrow wall has
it® shear increased by the restraining action of the sup-
porte.

At the first bulkhead, the shear stresges may be com—
puted by using formulas (9) and (10), substituting X3

Case By, All Wallg Form Diagonal-Tension Filelds

If all four wallg of the box form diagonal~tension
fields, the force Xy 1is given by

Xp = Yo B - (11)
R JOR ~ 1 Db e
M + %—:_g— pg M
where Y o= I % ST  p (12)
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_ 1+ P, -+ Py (12)
- 1 _
-39 *te
2/3 a2
- _ : 14
R (b/tp + c/t,) & (14)

. 1/8 (b = )
B = (b/ty + c/t,) A (15)

The total force acting on a flange is the sum of the force
preventing warping and of the force due to the diagonal
tension in the webs,

b - b +
Fp = * [Xg + ——Zgg (Xp - Xp)] - “ZE;E T (18)

The diagonal—-tension stress isg in wall D

T 1
£, = - - X 17
& be ¥y a Ty (g B) (172)

and in wall o

fo = e Xp - X 17D
K be tc a %, ( R B) ( )

Case (. The Cover Walls (b) Form Diagonal-Tension Fields

The case where the cover walls form diagonal—tefision
fields, probadbly the most common one, could be obtained vy
combining the methods used for solving cases A _and 3.
The following section will, however, discuss some reasons
for doudting +that the assumptions used for case B are .
in good agreement with the physical facts. The writer
therefore suggests the use of the formulas for case A
with the following modifications, which he believes to
give a picture closer to the true physical conditions.

(1) In the terms ©b/ty of formulas (6) and (7), the

thicknesgs +t of the buckled wall is replaced by the ef-
fective thickness in shear of a sheet in diagonal tension

te = 1/4 E@ % (18)
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tr tg = 5/8t for netal.

(2) 1In formulas (4) and (7) the term (btyp + ctg +
6A) is replaced by 64, where. A, is the effective
flange area defined by

Ao = A + 1/6 cbe + why (19)

In this formula A 1is the actual concentrated flange area
(if existing), and w is the effective width of a thin
flat sheet in compression (w = 15%}p for duralumin),

(3) To the normal stress in the flange computed by
means of (4), which is tensile or compressive, depending
on X, 1ls added slgebraically the compressive stress due
to diagoral tension ir the cover

(20)

Remarks

The formulas for case B are based on the elementary
theory of the Wagner beam assuming, among other things,
that the struts are rigid, closely spaced, and so well
coanected to the web that the diagonal-tension folds are
interrupted at the struts and ¥hat the diagonal—temnsion
stresg ig uniform in a field between struts, Actually, it
is llkely that the conditions will anproach the opposite
extreme of struts not coannected to the wedb so that the
tensile gtress will be constant along any given fold from
flange to flange. Thig discrepancy is of small importance
in the design of ordinary Wagner beams but, in the casse
under consideration here, the flange stresses vary from
their maximum value at the root to practically szero in a
distance comparable with the length of a tension fold.
This fact, together with the consideration that in sheet-
metal construction local deviations from the assumptions
of the theory are often large and unpredictable, leads to
the conclusion that the formulas for case B cannot be
expected to give very close agreement with facts. The
very scanty quantitative information available soems to
indicate that the formulas give excessively conservative
(high) stresses in the flanges.

Another factor that shourld be congidered in some

—
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cases is the fact that the transition of a flat sheet from
a state of shear %o a state of pure diagonal tenrsion is
very gradual. Qualitative support of this ciaim is given
by various test reports; the caly gquantitative Informa~
tlon ig contained in reference 6, which describes strain-—
gage tests on a Wagner beam. The information is not very
exact, because the stress in the flange due to the diago-
nel tension in the web is only a2 small part of the total
flange stress; using this information as long as nothing =
else is available, it may be concluded that tuae diagonal-
tension state has beern reached, practically speaking, whea
the shear load exceeds the buekling shear 25 to 50 times
(based on the measurements in tension and compression .
flanges, respectively). The main effect of this differ- T
ence ig that the compression term in (16) and the COmpY &5~

sion computed by (20) are reduced; it is suggested that

these terms be multiplied by the ratio (actual shear/(25 X
buckling shear). This procedure was applied to the two

tests discussed in Part III, in which the cover buckled,

and was found to be conservative.

It might not be amiss to point out that box beams
expected to work partly or entirely in diagonal tension
reguire, theoretically at least, distinct flanges at the
corners., Actually, it is quite posgsible to do without
such flanges (beam 4 of Part IV) because the corners of a
box have some stiffness and because, as pointed out, the
sheet continues to work partly in shear after buckling.
In beams of this type, however, only very rough estimates
of the stresses can be made because most assumptions of
the theory are no longer valid,

It might also be pointed out that the formulas forx
Case A may be applied to boxes with trussed walls, such as
wing frames with double drag bracing or fuselages. It is T
anly necessary to imagine the diagonals of the trusses re- o
Placed by solid sheet webs of such thicknesses as to give
the same shear deflection to the trusses. The method
should, however, bs used with caution if there are large
irregularities in the structure, which will be often true
of fuselages,

III. STRAIN-GAGE TESTS OW THREE 30X BEAMS
In order to gain some idea of how closely the theoret-—

ical stresses may be actually approached, strain~gage tesths
Wwere made by the N.&4.C.A. on three duralumin boxes. The di~
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mensions of these boxXes are shown in figure 45 which also
shows the three gage -locations used. The bulkhead st the
root was made of 2-~inch steel to prevent any possibility
of warping. The boxes were assembled Dby means of screws
instead of rivets to save meanufacturing new side channels
and bulkheads for each box., The strain gages used werse
Tuckerman gages (reference 7). Two gages of 2-inch gage
length were used in the locatlions near the root section
and two l-inch gages at the first bulkhead, The load ap-
plied was a pure torque exerted on a loading arm at the
tip by two weights, one acting down and omne acting up over
a pulleys, The pulley friction was less than 3/4 percent
for the pulley wsed for the 0,0ll-inch box, For the pulley
uged for the 0.,022-1nch and 0.,044~inch boxes 1t was about
5 mércent and was talen care of by additional weights.

The gages were located symmetrically with respect to
the axis, so that there were always %wo 2~inch gages and
two l-inch gages at corresponding positions on the tension .
flange and on the compression flange. After taking a set
of readings, the torgue was reversed. In prelininary
tests 1t was found necessary sometimes after reversing the
torgue to load the box several times before successive
gsets of readings agreed. In all later tests the box was
therefore preloaded three times to about two thirds of the
maximam load wsed in the test before a regular test run
was made, In a number of cases the box was also turned
over and the tests were repeatsd on the opposite slde.

The accuracy of reading the 2-~inch gages is gomewhat
less than #R0 pounds per square inch. The accuracy of
reading the l-inch gage should be #40 pounds per square
inch bubt, owing to difficulties in resding, it was gqulte
often only about *80 pounds per square inch. Successlve -
test runs with the gages left in their locations practil-
cally always agreed within the limit of accuracy of resd-
iag. All readings were tmken 3 minutes after applying the
load increment. '

Figures 5, 6, and 7 show the tesgt results. It will
be noted that, in general, tension and compression werse
averaged separately, but in some cases the differences be~
tween the average tension and the average compression Wwerse
too small to show, so that only the normal stress (averago
of tension and compression) was plotted. Figures 6 and 7 _ .
also indicate the difference between fension and conpres— .
sion flange, i.e., twice the compressive stregs due to di-
agonal tensioun computed by (20) and by the procedure rec-—
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ommended in Part II. The buckling load of the cover sheet
is indicated in figures 6 and 7. In figure 5 it falls out-
side the range plotted.

Figure B8 shows the average normal stregs in the 0.01l1l~-
inch box, taken from figure 7, compared with the stresses
calculated for the cover not buckled and buckled. Fear
the root, the cover was stiffened by the 2=inch bulkhead
so that the buckles were hardly perceptidle and this re-
sult shows up in the stress curve, which follows first
the line calculated for the cover not bdbuckled and then
gradually bends over to the line calculated for a buckled
covers At the 1-5/8-inch station, the experimental stress
curve is between the two calculated lines; at the first
bulkhead, the actual stress is consideradbly higher than
the calculated stress and deviates consideradly from the
straight-line law,. .

Figure 9 shows for all three boxes the observed and
the calculated stresses plotted againgt their spanwise lo-
cation. I%t will be seen that in the bay the actual stress-
es for the 0.022~inch box were conslideradly lower than cale
culated, and the difference is even larger for the 0.044-
inch boxe At the first bulkhead, however, the observed
stresses are congiderably 1arger than those calculated for .
all three boxes.

It has been pointed out that the accuracy of the
stress measurements at the first bullkhead was very much
lower than at the other stations. The measurements at the
stations 1/2 inch and 15/16 inch from the root are some-
what doubtful because it was necessary to remove the out-
side screws in order to permit installation of the gages;
this change may have permitted the stress trajéctories to
curve away from the edge of the box. The ¢~5/8—1ncn sta~
tions are therefore the most important ones and are used
for comparison,

The differences between observed and calculated
stresses may be explained in part by the assumption thatb
the efficiency of the bulkheads decreased with increase
of cover thickness. If the bulkhead efficiency is defined
as the ratio of the actual bulkhead spacing to ‘the "effec—
tive" bulkhead spacing that gives agreement between calcu—
lated and observed stresses at the 1~5/8-~inch station, the
efficiencies are adbout 100, 45, and 30 percent for the
0401l~inch box, the 0,022-inch box, and the 0.044-inch
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box, respectively. Figure 9 shows the stresses calculated
with the corresponding "effective’ bulkhead spacings (dot—
ted lines), which give agreecaent a%t the 1«5/8~1nch station
and decrease the discrepancy at the first bulkhead. Even

with the fictitious bulkhead spacin however, the actual

stress at the first bulkhead is 2-1 52 to 3 times the cal-

culated stress,

On the basis of these tests only the tentative conclu-
sion may be drawn.that, in relatively taick-walled box
beams, the maximum stresses will be consideradly lower
than calculated stresses unless liberal allowanoces for
bulkhead inefficiency are made because it is not lilkely
that practical bulkhead constructions will be more effi-
cient than those used in these tests. In boxes with very
thin covers, however, the theoretical stresses at the root
may be reached or even exceedsd.,. The rate of decrease of
stress along the span appears to be always much slower
than calculated, a fact that should be borne in mind when
investigating sections outboard of the root. XNo definite
recommendations can be made in this respect until a more
detailed experimental investigation is mmade, msing rela—
tively c¢closer bulkhead sPac1ngs and larger boxes than used.
in these tests.

IV, APPLICATION TO WRIGHT FIELD TEST BEAHS

References 8 and 9 descrilidbe a series of torsion tests
o box bearnis. Six beams of this series were rectangular
duralumin boxes of the same construction as shown in fig-
ure 43 table I gives the dimensions.

The test set=up is indicated in figure 10. The beans
were tested with a constant bending load P and an in-
creasing torque until "failure" occurred, It is evident
that the central section of the box is under the sane con-
dition as the root of a cantilever box.

The cover buckled in all tests, but the side walls in
only one test (beam 4). The bending stiffnesses of the
beams were therefore calculated under the assumption that
on the compression side the area A and an effective
width w = 15t of the cover plate were active. Experl-
mental stiffnesses given in the test report were in mosi
cases only very slightly larger than.the computed ones;
consequently, 1t was considered sufficiently accurate for
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the purpose of calculating the bending stresses due to P
t0 compute the section modulus on the assumption of w =
15t and make a correction depending on the experimental
and calculated bending stiffnesses. Outside of this cor—
rection, the stresses were calculated in accordance with
~ the recommendations made in Part II. The results of the
calculations are shown in table II.

The test log states definitely that beams 2, 3, and 3§ L
failed by buckling of the free edge between rivets. The
rivet spacing was 1 inch; the Euler stress (C = 1) for
the thicker component of the free edge was calculated, and
the last column of table II gives the fixity coefficlent
developed in the tests, i.e., the ratio of total strese to
Buler stress. (The Buler stress of the thicker component
was used because it was considered that the thinner com-
ponent cannot buckle until the thick one buckles, the riv—
ets preventing the shortening of the chord necessary for
buckling.) . - o =

It will Pe noted that, contrary to the usual assump-
tion of C = 4 for this type of buckling, the coefficients
developed were between 1,3 and 1.8, excepting beam 6 with
C = 2,4, This last coefficient is high because the calcu-
lation of the stresses neglected the fact that the cover
sheet had a mahogany veneer sheet cemented to it, which
helped to reduce both the direct bending stresses and the
. bending stresses due to torsion. - o

¥o statement is made in the test log of the type of
failure for beam 4. Considering the unusual construction
of this beam 4% is probable that excessive deformation of
the whole beam or of.a local zone determined the 1limiting
loads Beam 5 was stated to have "developed a bad buckle
near center.! The fixity coefficients calculated for these
two beams are therefore of interest only insofar ag they
show that the calculated values are not unreasonable,

The report of tests on these and other box beams
stresses the importance and prevalence of free~edge failure.
Table II shows that the bending stresses due %o torsion are -
decisive factors in this type ¢f failure. _ o -

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Asronautics, _ o
Langley Field, Va., April 10, 1935, : .-
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TABLE I
Dimensions of Test Beans
Bean a B c tp tc A
1 16 12 4 0.012 C.049 0.0305
2 12 12 4 012 049 .0305
3 8 12 4 <012 2049 03056
4 12 12 4 .040 .Q035 0525
5 12 12 4 021 041 0434
5 - 12 12 4 010 .035 .0282
Dimensions are in inches.
TABLE II
Calculated Stresses in Test Bsams
Bean fl fa f3 f'bota.l G
1 10,240 10,200 7,370 27,810 1.29
2 9,170 11,600 7,680 28,450 1,32
3 7,290 15,420 9,400 32,810 1.52
4 4,640 12,440 24880 19,960 1.80
5 9,030 8,770 6,470 24,270 1l.60
6 13,200 7,720 5,270 26,190 2.37

Stresses are in pounds per

normal sgtress due to torsion.
normal stress due to diagonal tension.

fl, noroal

fz,

fiotar = f1 + f5 + fg
C = ftota}/fEuler

£ _T® B %
Buler

12 (1 - pR) b2

~ 0,90 E (%

gsquare inch,

2

stress due to bending load.
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Figs. 1.2,3
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Fig. 10

Pigure 10.-Set-up for static tests.




